Grafting experiments show that the enhanced sensitivity of the SENCAR mouse to skin carcinogenesis by initiation and promotion is a property of the skin itself, suggesting the usefulness of in vitro studies to elucidate the mechanism. Such studies have indicated that cultured epidermal cells of SENCAR mice and the resistant BALB/c strain are remarkably similar in a variety of respects. DNA repair and carcinogen binding are quantitatively similar in cultured cells of SENCAR and more resistant mouse strains. Epidermal Langerhans cell (LC) number and LC-mediated functions were indistinguishable in SENCAR and BALB/c mice. Primary epidermal cells cultured in the presence of various concentrations of 12-0-tetradecanoylphorbol-13-acetate (TPA), retinoic acid, epidermal growth factor (EGF), hydrocortisone, or fluocinolone acetonide failed to reveal differences in growth between BALB/c and SENCAR cells. Cells from these animals bound comparable amounts of EGF with similar kinetics, and the modulation of this binding by TPA and retinoic acid was indistinguishable between strains. Spontaneous expression of infectious, endogenous xenotropic type C RNA virus at very low levels could be demonstrated in primary BALB/c epidermal cells and both BALB/c and SENCAR epidermal lines resistant to Ca2"-induced terminal differentiation. The number of foci of initiated cells after exposure to carcinogens in vivo or in vitro did not differ significantly between SENCAR and BALB/c, suggesting that SENCAR sensitivity is primarily to promotion. However, there are qualitative differences between SENCAR and BALB/c foci. The appearance of foci of cells resistant to terminal differentiation in untreated SENCAR cultures supports the evidence from in vivo studies for the existence of a constitutively initiated cell population in SENCAR mouse skin.
Introduction
The SENCAR mouse was derived by selective breeding for rapid development of large numbers of papillomas after initiation with dimethylbenz(a)anthracene (DMBA) and promotion with 12-0-tetradecanoylphorbol-13-acetate (TPA) (1) . Subsequent studies have shown that the enhanced sensitivity exists for initiators with a variety of different chemical structures, including the directly acting N-methyl-N'-nitro-N'-nitrosoguanidine (MNNG), a carcinogenic nitrosamide that does not require metabolic activation (2) . Such data, along with a report that metabolites of DMBA are similar in epidermal homogenates of skin of SENCAR mice and the less sensitive parent CD-1 strain (1), suggest that the enhanced sensitivity of SENCAR mice does not result from differences in metabolism of polycyclic aromatic hydrocarbon carcinogens. Further evidence tending to rule out metabolic differences came from a study that showed the SENCAR mouse to be more highly sensitive to skin carcinogenesis after a single dose of ultraviolet (UV) radiation than the more resistant CD-1 strain (3).
*National Cancer Institute, National Institutes of Health, Bethesda, MD 20892. A major finding in elucidating the mechanism of SEN-CAR sensitivity was that the susceptibility is a property of the skin itself rather than a systemically mediated phenomenon (4) . Skin of SENCAR mice and the resistant BALB/c mouse strain grafted to athymic nude mouse recipients retained the tumor incidence of the donor animals after initiation and promotion. This result validates the use of in vitro studies with cultured skin cells to elucidate the mechanism of SENCAR sensitivity and led to the work described in this paper. However, in vivo experiments have continued to be useful to define areas to be explored in culture and to confirm in vitro results. We have most frequently used BALB/c as our representative resistant strain for comparisons with the susceptible SENCAR mice since the work of Hennings et al. (2) , using initiation-promotion in vivo, helped to define the basic biology of comparative epidermal carcinogenesis in these strains. In SENCAR mice, more papillomas and carcinomas developed with a shorter latency period than in BALB/c animals. This was true whether adult or newborn mice were used and whether DMBA or MNNG was used as an initiator, although DMBA was the stronger initiator. This study provided two additional pieces of possibly significant information. First, SENCAR skin was notably more sensitive to the toxic effects of TPA than BALB/c skin. SENCAR mice developed ulcerative lesions, requiring the promoter to be applied less frequently. Second, SENCAR mice developed significant numbers of papillomas and carcinomas with TPA alone, in the absence of an exogenous initiator whereas BALB/c mice did not. This result may imply that SENCAR mouse skin contains a population of constitutively initiated cells. This hypothesis is supported by evidence from in vitro experiments to be discussed later in this paper. 
Materials and Methods

Animals
Detection of Infectious Retrovirus
Virus detection was attempted in three ways: (1) from culture media in which the various cells were growing, (2) from cell homogenates, and (3) from intact epidermal cells by cocultivation with target cells. Two target cell lines were used: normal mink lung (CCL64) and an sarcoma-positive/leukemia-negative (S+L-) derivative of 313 mouse cells (D56). The former has previously been used to isolate mouse xenotropic type C retroviruses (7) , and the latter has been shown to be a suitable cell line for propagation of both N-and B-tropic ecotropic murine retroviruses (8 (11) . Contact sensitivity to 2,4,6-trinitrochlorobenzene (Sigma Chemical Co., St. Louis, MO) was assessed as previously described (12) . For the epidermal lymphocyte reaction, spleen cells from C57B1/6 mice were used as responder T-cells. Primary epidermal cells to be tested were exposed to 2000 rads of X-irradiation and incubated with purified spleen T-cells. After 5 days, 10 ,uCi [3H]thymidine (25 Ci/mmole, New England Nuclear, Boston, MA) were added to each well for the last 16 hr of culture.
Results and Discussion
DNA Repair and Carcinogen Binding
One of the most striking genetically based skin cancer susceptibility conditions in humans is xeroderma pigmentosum, in which the ability to repair DNA damaged by UV irradiation and chemical carcinogens is defective. Using the host cell reactivation assay previously used to characterize repair-defective xeroderma cell lines, we examined the ability of primary epidermal cells of SEN-CAR, CD-1, BALB/c, and AKR mice to repair UVirradiated herpes simplex virus. These mouse strains form a spectrum of sensitivities to skin carcinogenesis from susceptible to resistant, respectively. Cells of all four strains were equally capable of reactivating irradiated virus (13) . Furthermore, two nontumorigenic BALB/c epidermal cell lines resistant to Ca2"-induced terminal differentiation responded similarly. In a related study, we found similar levels of DNA polymerase IB, the putative repair enzyme, in primary epidermal cells from BALB/c and SENCAR mice (Strickland, un- published observations). Others have shown that binding of the activated carcinogen N-acetoxyacetylaminofluorene to SENCAR and BALB/c primary epidermal cells exposed in vitro was quantitatively and qualitatively similar (Miriam Poirier, personal communication). These results suggest that susceptibility of SEN-CAR epidermal cells to carcinogenesis is probably not accounted for on the basis of alterations in DNA repair or carcinogen binding. 'Increment in ear swelling on application of 1% 2,4,6-trinitrochlorobenzene after sensitization 6 days previously (corrected for negative control).
Immunological Factors UV-radiation-induced skin carcinogenesis in mice has been shown to involve activation of suppressor T-cells that permit progressive growth of UV-induced tumors (14) . In view of the results of carcinogenesis studies on grafted skin, we have examined two areas of immune responses that involve the epidermis. In collaboration with Dr. Thomas Luger of the NCI, we measured epidermal thymocyte activating factor (ETAF), which is produced by keratinocytes and interacts with T-lymphocytes. Under a variety of conditions-with and without TPA, in medium with high and low Ca2+ levels-SENCAR primary epidermal cell cultures produced amounts of ETAF similar to those found in BALB/c cultures (Lugar and Strickland, unpublished observations). Epidermal Langerhans cells (LC) are dendritic, suprabasal cells derived from bone marow that play a major role in cell-mediated immune functions of the skin, including allergic contact sensitivity and antigen and alloantigen presentation. We detected similar numbers of LC in epidermis and fresh epidermal cell suspensions of both newborn and adult BALB/c and SENCAR mice by several independent analytical methods. However, in primary newborn epidermal cell cultures examined 24 hr after plating, there were more than four times as many Fc-positive BALB/c cells as SENCAR. This difference probably results from SEN-CAR LC being less adherent to plastic than BALB/c LC, which suggests to us cell surface differences. Survival in culture of LC from the two strains was similar, with greatly enhanced survival in serum that had been heated at 56°C for 30 minutes before adding to the growth medium. We have been unable to associate any functional significance with the presumed LC cell surface differences. Functional studies in adults, including contact sensitization and alloantigen presenting ability, showed no significant strain differences. 
In Vitro Growth Properties
We examined the growth kinetics of epidermal cells from BALB/c and SENCAR mice under high and low Ca2" conditions, in response to TPA, retinoic acid, epidermal growth factor (EGF), hydrocortisone, and fluocinolone acetonide by cell counts as well as by thymidine incorporation measurements on a daily basis for a time period after treatment. Basically, significant strain differences were not seen in the effects of these agents on cell growth in culture (Fig. 1) . Neither fluocinolone acetonide (Fig. lb) 
Virus and Oncogene Expression
We found spontaneous expression of endogenous xenotropic but not ecotropic type C RNA virus in epidermal cell lines from both SENCAR and BALB/c mice. This expression occurred at low levels, since infectious virus was demonstrable only by cocultivation of epidermal cells with appropriate target cells and not in homogenates or culture fluid from these same cells. Furthermore, xenotropic virus expression was not seen in SEN-CAR primary cells but only in a cell line resistant to A major achievement in defining the mechanism of SENCAR sensitivity to skin carcinogenesis would be to determine whether initiation, promotion, or both are involved. Promotion is clearly an important factor. The latent periods before the first papillomas and carcinomas appear in initiation-promotion studies is shorter, often by many weeks, in SENCAR than in resistant mouse strains. SENCAR skin is unusually sensitive to toxic effects of TPA. In the in vivo studies of Hennings et al. (2) (3), reporting sensitivity of SENCAR mice to skin tumor development after a single dose of UV radiation, suggested UV might provide a chronic promotion stimulus because irradiated skin of SENCAR mice, but not CD-1 controls, "appeared raised and leathery for several months" after irradiation. In vivo carcinogenesis studies from several laboratories have shown that mouse strains quite resistant to skin carcinogenesis by initiation-promotion may be very sensitive to tumor induction by multiple carcinogen treat- 
